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Federal legislation restricts the discharge of and northeast by a second bench rising ap-
waste from various industrial processes into proximately 5 m above the first bench. On
rivers, lakes, or other waters. For this reason the west and southwest just beyond the edge
disposal of wastewater by spraying onto culti- of the field the land fell away to the river about
vated, grassed, or forested lands has come into 200 m beyond. The river bottom area was
use. These waste disposal spray systems pro- extensively tree-covered. Land in the other
duce droplets of water containing suspended directions was open. The spray equipment
material that may become aerosolized as par- was permanently installed and was equipped
ticles less than about 20 p. in diameter. Par- with rocker-arm type sprinklers having 7.1 and
ticles of this size will remain suspended in the 2.4 mm nozzles discharging from risers 2 m

~,lposphere and will travel long distances high. The sprinklers were spaced on a grid at
\",'" "'(~wind. The generation of such particles 30 by 33 m spacings. During Trials 1 and 2,

;t(.:ommercial spray or sprinkler equipment four lines of eight sprinklers and one line of ,

l~'liy be presumed because regardless of the seven sprinklers per line were in operation, 1

size distribution for water droplets leaving the giving a source area of 150 by 320 m with the cfc
sprinkl~r nozzle a number of pa~ticles of aer?sol long axis east and west. Trials 3 thro?gh 5 o~*

1SIze WIll develop through rapId evaporation. had a source area of 150 by 270 m WIth 32 .

Solid materials, including microorganisms, sus- sprinklers operating, and Trials 6 through 9 1

pended in the water become the nuclei of the had 27 sprinklers with a source area of 100 by i
aerosol particles. Recent reviews 1, 2 have been 100 m. The pump flow rate and pressure were ,,]

published regarding the aerosolization of mi- respectively 3.4 X 10--2 m8/s and 4.5 X 105 i
croorganisms in sprays resulting from the treat- N/m2 (540 gpm and 65 psi) for Trials 1 :

ment and disposal of wastewater from do- through 7, and 3.8 X 10-2 m8/s and 5.5 X 105 :

mestic waste. Microbial aerosol particles were N/m2 (600 gpm and 80 psi) for Trials 8
sampled up to 1.2 km downwind of the spray and 9.
source. Katzenelson and Teltch 8 reported Wastewater. Wastewater was derived from
aerosolized coliforms short distances down- all processing activities in the plant and con-

., wind of spray fields for disposal of wastewater tained soil, potato, and plant fragments, potato
1 containing raw domestic waste and for dis- peelings, rocks, suspended potato starch, and

) ; posal of effluent from a wastewater settling potato fluids. The rocks and large fragments
t pond. were removed by sieve. The wastewater then: In this report, studies were made of mi- entered a rectangular settling tank and then a

crobial aerosols downwind from spray fields sump from which it was pumped to the spray
\ for the disposal of potato processing waste- field. Composition of the wastewater was not
! water. determined for this study but has been pub- I

! lished elsewhere.4
METHODS Meteorology. Two recording meteorological

Site. The test location was a processing instruments were used, one stationed at the
Iwaste spray field on the first bench level above east side of the spray field on the first river

! a river. The field was bounded on the north bench, and the other north of the field on the I

'" I
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TABLE I. Meteorological and source input parameters for the area source diffusion model.

Meteorological Input Parameters

Parameters
AtmosphericStability IT E' (radians) IT A' (radians) H.. (meters)

Stable 0.0 524 0.0 524 30
Transitional 0.087 27 0.1 745 100
Unstable 0.1 745 0.3491 1 000

Source Input Parameters
Parameters Values

Trials y. (meters) x. (meters) 0.. (meters)

1 320 150 3.54
2 320 150 3.54
3 270 150 3.54
4 270 150 3.54;-
5 270 150 3.54
6 100 100 3.54

. 7 100 100 3.54
8 100 100 3.54
9 100 100 3.54

second river bench. Sensors for the instru- tinuous sampling with aerosol samplers 5 for a
ments to record wind speed, wind direction, designated interval ranging from 5 to 60 If':.-
and temperature were placed at 2 m above utes depending on sampler locations. Sam:
the ground level. Equipment to measure were located at three sampling stations dL
temperature gradient and wind direction and wind of the spray field. Sampling Station 1
velocity to a suitable height was not available was 15 m downwind of the downwind edge of
for use at the field location. However, esti- the spray field, Station 2 varied from 91 to
mates of meteorological parameters required 396 m downwind, and Stations 3, 1 005 to
for the area source diffusion model employed 1 493 m downwind. Downwind distance for
were based on measurements for similar wind Stations 2 and 3 depended on accessibility of
and .stability conditions measured at D';lgway sampling sites with different wind directions.
ProvIng Ground. The three atmospheric sta- Two samplers one containing plates of casi-
bility conditions used for grouping the field '.. I f d '
t . I li t d . T bl I (1) t bl tone agar and one contaInIng pates 0 En 0 s
ria s, as s e m a e , are s a e, .'which is associated with a temperature inver- agar, were placed at St.at!on 1 and at Statio~

sion (that is, temperature increasing with 2. One sampler contaInIng plates of Endo s
height above ground level), which usually oc- agar and three containing casitonc agar were
curs during nighttime; (2) unstable, associated placed at Station 3. The three samplers of
with lapse conditions (temperature decreasing casitone plates at Station 3 were spaced ap-
with height) and usually occurring during day- proximately 320 m along a crosswind line.
time; and (3) transitional, representing that Area source model. The ground-level con-
period when a shift from stable to unstable or centration at a distance x from the downwind
vice versa is oc~urring, usually at dusk or at edge of an area source is given by the ex-
dawn. Steam dIscharge from the nearby pro- .

. I t .d d . d. t f th preSSIoncessmg pan prOVI e an mIca or 0 e
stability condition at the time of each trial.
Thus, steam rising sharply as it moved down- {> I - Qwind indicated lapse while steam moving X x x., Y - ..[2;uO'.{xly. X

horizontally downwind indicated inversion. .Aerosol sampling. Sampling was conducted {VertIcal Terml X {Lateral Terml X
in late September. A trial consisted of con- {Decay Terml (1) I
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CCC ere Proving Gro1.1nd for
conditions similar to those at the test site, are

Xo = along v:ind ~imension of the areasou~ce applicable for averaging times of the order of
y = crosswmd distance from the centerlme 10 minutes, Values of H", are also based on

of the area source, , the Dugway measurements,
Q = area source strength m Units of mass The location of the samplers was always such

per unit time that the largest source dimension of the source
11 = mean ,:"ind ~peed, area represented Yo and the smallest dimension
Yo = crosswmd dimension represented Xo' The vertical source dimension

1 u 'X } Uzo was estimated from the relationship B 0

-

[ tTB'(X+ xo) + u.o] 3 hu.{x} = In UB'(X)+U.o; x <xo U.O = ill (7)

O:B' (x +xo/2) + U.O; x ~ 3xo where h is the estimated height of the water \
(2) spray cloud at the source, or 7,62 m.

where RESULTS
U.O = vertical source dimension Samples of wastewater taken at the inflow
UE' = standard deviation of the wind eleva- and at the outflow of the settling tank and

tion angle in radians from the sump tank had total microbiological
counts (counts on casitone agar) of 1.00 X
106, 2.20 X 109, and 2,25 X 109 organisms

Vertical Term per ml respectively, Corresponding coliform
counts (on Endo's agar) were 8,85 X 105,

{ ~ { [ ( 2nHm) 2]}} 1,18 X 106, and 1.61 X 106, respectively,
= 1 +,2 Ei exp -!;;:J;;""f (3) Since the inflow total co?nt was only 12 per-

cc'" cent greater than the coliform count, the bulk
h of the organisms at the settling tank inflowQ w ere; were assumed. to be coliforms. At the outflow,

;' m = depth of the surface mixing layer the coliform count had increased only 33 per-
i; cc, " cent, showing relatively slight growth of coli-

he Lateral Term is given by the expression forms in the settling tank. In comparison, the

total count had increased by a factor of 2 200,
indicating an impressive increase in non-coli-

= { erf[Yo/2 + Y] + erf[ ~~ ] } (4) forms in. the wastew~te~ as it passed through
V2u,,{x} v2u,,{x} the settling tank. A hmrted effort was made to. " ;;: characterize the organisms associated with

where aerosol particles generated at the spray field,
u,,{x} = UA'(X + xo/2) (5) Pink coloni~s growing on Endo's agar were

, d d d . t ' f th . th counted as coliforms and colonies that devel-
U A = stan ar eVia ion 0 e aZlmu 11' h E d '. d I . d. oped a meta IC seen on nos agar were

wm ang e m ra ians d b E h " l ' N furthassume to e 8C ertc.a co t. 0 er
The Decay Term is given by confirmation was attempted, The colony

- counts indicated that less than 10 percent of
Decay Term = exp (- kt) the coliformswere E, coli, Three colony types

where were predominant on the casitone agar, all of
k d ffi ' t f t . f t . I which were capable of hydrolyzing starch,= ecay coe Clen or rac Ion 0 ma ena

b. I t .t t . The most common colony was found to e aos perum ime , '
bl-t I d t I t ' '"'-' / - starch-hydrolyzmg streptococcus, pOSSI y= mean c OU rave ime = x U S b 'treptococcus OVt8,

In this note, decay is not considered and the Usable data were obtained for nine trials.
Decay Term is therefore set equal to unity, Six trials were not successful because of wind
Also, only centerline concentrations (y = 0 in cessation, sampler failure, or other causes. The
Equation 4) have been calculated, conditions for each of the succes~ful trials are

Meteorological and source parameters used given in Table II, The observations in the
are shown in Table I; The values of UA' and right-hand column were used to estimate at-
UE', based on measurements made at Dugway mospheric stability conditions for each trial,

cc~"
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TABLE II. Time and field conditions for sampling trials.

Time of
Time of Sunrise or Mean Wind

Trial Trial Sunset Speed
Number (MDT) (MDT) (mts) Field Observations

I 0720-0820 0725 1.8 Steam from nearby
plant slightly rising

2 0900-1000 0725 2.0 Steam not rising at
start of trial;
rising after 0915

3 0615-0700 0740 1.0 Steam at plant not
rising; pre-dawn
inversion

4 0745-0830 0740 1.3 Steam rising slightly
at 0831 and rising
sharply at 0843

5 1800-1915 1930 2.3 Dust layer near
surface; inversion

6 0610-0630 0725 0.8 Steam from plant not
rising; inversion

7 0635-0700 0725 0.8 Steam from plant not
i:ising; inversion

8 0900-0930 0725 1.8 Bright sun; lapse
9 0930-1000 0725 1.8.. Bright sun; lapse

Based on these conditions, the trials were of the sampling stations by the concentration
grouped into three general stability categories at the first sampling station. The first stage of
(Table III). Also given for each of the trials the sampler collects particles that are mos'!
is the downwind distance from the source field larger than 20 po in diameter and have
to the sampling station, the concentration of appreciable settling velocity. These were
the total microbial particles at the sampling cluded in calculating downwind concentration
station, and the normalized concentration ob- because their downwind travel is not great and
tained by dividing the concentration at each is not accounted for by the diffusion model.

TABLE III. Concentrations of total bacteria bearing particles at downwind stations
for trials in three atmospheric stability categories.*

Sampling Station

1 2 3

Concen- Concen- Concen-
Downwind tration Normal- Downwind tration Normal- Downwind tration Normal-

Trial Distance (Particles/ ized Distance (Particles/ ized Distance (Particles/ ized t
No. (m) m' X 10') Conc. (m) m' X 103) Conc. (m) m' X 102) Conc.

Stable 1
3 15 6.76 1 396 2.91 0.430 1493 8.30 0.123
5 15 6.72 1 91 5.38 0.800 1310 4.13 0.061
6 15 6.56 1 122 3.83 0.583 1005 8.76 0.133
7 15 8.56 1 122 3.92 0.458 1005 19.70 0.230

Transitional

1 15 4.50 1 305 0.64 0.142 1372 3.00 0.067
4 15 24.80 1 396 3.41 0.137 1493 5.22 0.021

Unstable
.

2 15 4.88 1 305 0.46 0.094 1372 0 0
8 15 30.80 1 122 4.20 0.136 1005 0.53 0.002
9 15 19.10 1 122 4.25 0.222 1005 0.11 0.001

. Concentration excludes particles on first stage of sampler.

2362 Journal WPCF

)
,""



Q - - - --- - Microbial Aerosols

TABLE IV. Coliform-bearing particle concentrations at downwind stations
for trials in three stability categories.*

1 k 2 k 3 Y

Sampling Station

.I 2 3

Trial Concentration Normalized Concentration Normalized Concentration Normalized
No. (Particlesfm3) Conc. (Particlesfm3) Conc. (Particlesfm3) Conc.

Stable

3 777 1 182.0 0.234 9.78 0.012 :,'.
5 431 I 74.7 0.173 0.00 :iI
6 615 1 366.0 0.595 25.30 0.041 -

Transitional 'i"

1 408 1 91.2 0.224 27.40 0.067
4 1 130 1 292.0 0.262 32.00 0.029

Unstable
I

8 816 1 207.0 0.254 4.13 0.005 I

, * Concentration excludes particles on the first stage of the sampler.

l'~ . Coliform-bearing particle concentrations and in good agreement with the predicted dis-

associated normalized concentrations for trials tribution. Also, for transitional and unstable
in the three stability categories are presented categories, the agreement between predicted

G : Table IV) for t~ose trials for which coliform and :mea.sured distributions is reaso~ably good,
unts were obtamed. consIderIng the small number of trials and the

, The three atmospheric stability categories assumptions made in estimating the model in-

into which the trials were separated were based puts. In all stability categories, there is a
on time of day and upon field observation. tendency for the downwind measured concen-
Trials conducted before sunrise were placed in trations to decline somewhat more rapidly than
the stable category, as well as Trial 5, con- predicted. This is particularly true for the
ducted just before sunset. Trials placed in the unstable category.
unstable category were conducted during day-
light hours under what appeared by field ob- DISCUSSION
servation to be atmospheric lapse, and trials in The results of this study have established
the transitional category were conducted after that aerosol particles bearing microorganisms
sunrise during the wanning transition from are produced when food processing wastes are
night to day. sprayed on a disposal field. The area source

Using the parameters presented in Table I diffusion model used here fairly accurately
i for the three stability categories, predicted predicted the measured downwind concentra-

nonnalized downwind concentration distribu- tions. It is evident that, at least during the
tions were derived from the area source summer months, aerosol cloud travel during
diffusion model and are plotted in Figures 1, daylight would not be extensive because of

. 2, and 3 for stable, transitional, and unstable rapid dispersion of the cloud in the unstable

categories, respectively. Also, the nonnalized atmosphere. Though it could not be con-
measured particle concentration distributions finned, it is likely that microbial decay would
are plotted in these figures. The normalization be appreciable during daylight hours through
eliminated trial-to-trial variation for both source exposure of the organisms to ultraviolet
strength and wind speed from the concentra- radiation.
tion data. Because of field conditions en- The ratio of total bacteria-bearing particles
countered, all of the trials were conducted to coliform-bearing particles calculated from
during low wind speeds. Measured concen- the counts presented in Tables III and IV was
tration distributions for stable conditions are not comparable to the ratio of total count to0 December 1977 2363
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FIGURE 1. Measured and predicted con- . MEASURED-
centrations downwind from the area sources PREDICTED-

for stable meteorological conditions. I

coliform count for the wastewater at the sump 10-' ,10' , ., '10' , .
tank. This resulted because a colony that DOWNWIND DISTANCE (m)

develops on an Andersen sampler plate origi- .
nates from an aerosol particle or particles that FIGURE 3. Measured and predicted concen-
may contain many organisms but as few as one trations downwind from the area sources for
coliform. Thus, the count is a count of par- unstable meteorological conditions.
ticles rather than a cell count. Thus, the '"
percentage of total particles that are coliform- show considerable variability. However, co' "',
bearing can be much higher than the per- sidering the limited number of samples iI ,;
centage of total organisms that are coliforms, volved and the variability inherent in the"

The trial-to-trial comparisons of the normal- sampling procedures attributable to cloud
ized values for total microbial particle concen- heterogeneity, wind variation, differences in
trations and coliform particle concentrations duration of sampling, possibilities of extraneous

contamination, and the general variability of
biological assay, it must be concluded that the

'0: values represent relatively good agreement.
, During summer, in the area studied, wind at

night is slight to nonexistent. However, when
2 . wind did develop during periods of atmos-
~ pheric stability as occur at night, the aerosol
~ ' particles travelled downwind.
§ Using the predicted concentration distribu-
8 10-1 tion for stable conditions shown in Figure 1
~ ' and setting the concentration at Station 1
~ ' equivalent to that for Trial 3 (Table III), an
~. MEASURED- estimated downwind concentration of 127 par-
02 PREDICTED- ticles/m8 at approximately 10 km is obtained.

I This concentration at this downwind distance
reaches a dilution level that is indistinguishable

, from background or control concentration, The
10-10' , ." 10' , ." 10' , concentration at Station 1 for Trial 3 is typical

DOWNWIND DISTANCE (m) f f h ' I H .f hor most 0 t e trIa s. owever, I t e source
FIGURE 2. Measured and predicted concen- is increased, as was apparent from the concen-
h'ations downwind from the area sources for tration at Station 1 in Trial 4 (with the same
transitional meteorological conditions. area source as Trial 3), then the downwind
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